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Description 

This invention relates generally to a fabric laminate which has layers that are thermally bonded and are made from 
a low crystalline olefin copolymer, a low aystalline olefin terpoiymer. or a low crystalline blend of olefin polymers. The 

5 fabric laminate of the present invention is softer, is stronger, is more abrasion resistant, and has reduced particle emis- 
sion as compared to current SMS fabric laminates. 

Nonwoven fabric laminates are useful for a wide variety of applications. Particularly, nonwoven fabric laminates are 
useful for wipers, towels, industrial garments, medical garments, medical drapes, sterile wrap, and the like. Fabric lam- 
inates, such as spun-bonded/melt43lown^pun-bonded (SMS) fabric laminates, made of isotactic polypropylene have 

10 achieved widespread use in operating rooms for drapes, gowns, towels, sterile wraps, footcovers. and the like. Such 
fabric laminates are well known as shown in US-A-4,041 ,203 assigned to Kimberiy-Gari^ Corporation, the assignee of 
the present invention. For a number of years, Kimberiy-Qark has manufactured and sold SMS medical fabric laminates 
under the marks Spunguard®. Evolution®, and Kimguard®. Such SMS fabric laminates have outside spun-bonded lay- 
ers which are durable and an internal melt-blown barrier layer which is porous yet which inhibits the penetration of fluids 

15 and bacteria through the composite fabric laminate. The layers are thermally bonded together by spot bonding in dis- 
crete areas of the fabric. 

Generally, such conventional SMS medical fabric laminates are made from layers of spun-tx)nded and melt-blown 
polypropylene. Commercially available isotactic polypropylene has a crystallinity of from 45-65% and a relatively narrow 
melt temperature ranga While SMS fabric laminates made from commercial polypropylene exhibit satisfactory 
20 attributes in terms of tensile strength, resistance to fluid and bacteria penetration, breathability. and cost, there appears 
to be advantages to be gained from improving the drape, abrasion resistance, tear strength, and particle emission of 
the SMS fabric laminates made from polypropylena 

Conventional SMS fabric laminates made of isotactic polypropylene have not achieved widespread use as gar- 
ments and protective coverings in more demanding clean rooms, particularly sterile clean rooms, and in paint rooms 
2S b^use of the higher requirements for such uses and such SMS fabric laminates tend to emit particles, either particles 
from the fabric itself or by passage of particles from the wearer to tiie atmosphere. 

It is therefore an object of the present invention to provide a fabric laminate which Is softer, is stronger, is more abra- 
sion resistant, and has reduced particle emission as compared to current fabric laminates that are thermally spot 
bonded and are made of Isotactic polypropylene. 
30 It is particulariy an object of the present invention to provide a fabric laminate which has equivalent tensile strengtii 
but higher tear strength than current fabric laminates made from polypropylene. 

It is further an object of tiie present invention to provide a fabric laminate having greater extensibility and greater 
tensile energy than conventional tabric laminates made from polypropylene. 

A further object of the present invention is to provide a fabric laminate which has greater abrasion resistance than 
35 existing fabric laminates made from polypropylene. 

It is also an object of the present Invention to provide a febrlc laminate having improved tabric drape and softness 
as compared to fabric laminates made from polypropylene. 

It is an object of the present invention to provide a sterile wrap that has enhanced attributes in terms of softaiess. 
strength, and abrasion resistance. 
40 It is also an object of the present Invention to provide a surgical gown that has enhanced attributes in terms of soft- 
ness, strength, and abrasion resistance. 

It is also an object of the present invention to provide a fabric laminate having reduced particle emission as com- 
pared to fabric laminates made from polypropylene. 

It is additionally an object of tiie present invention to provide a protective garment having reduced particle emission 
45 for use in dean rooms, particularly sterile clean rooms, and paint rooms. 

It is likewise an object of the present invention to provide a protective garment having reduced particle emission 
which can be sterilized without significant degradation of ttie low particle emission characteristics of the garment. 

The foregoing objectives are acconplished by a fabric laminate according to claims 1 and 5 in which at least some 
of tiie layers are formed from an olefin copolymer, terpoiymer, or blends of olefin polymers. The polymers are formu- 
50 lated to produce a polymer having a crystallinity of less ttian 45%. preferably between 31-35% and most preferably 
about 32%. The resulting polymer has a broadened melt temperature range which allows for heat bonding of the fibers 
and filaments at a lower temperature and over a wider range of processing temperatures. 

In one embodiment of tiie present invention, at least one of the layers of the fabric laminate are formed from a ran- 
dom polypropylene copolymer that has been produced by copolymerizing 0.5-5.0% by weight of ethylene randomly in 
55 the t)ackbone to yield a polymer that is less crystalline and with a broader melting range than polypropylene itself. A 
preferred polymer is produced when 3.0% by weight of ethylene is copolymerized with the polypropylene. The resulting 
copolymer has a crystallinity of 32% and when spun into fibers or filaments and fomned into webs produces the advan- 
tages recited in tiie foregoing objectives. 

The fiabric laminate of the present invention may preferably have all of the layers famed from a polymer having 
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reduced crystallinrty afthough some advantages of the present Invention may be realized where less than all of the lay- 
ers of the fabric laminate are formed of the polymer of reduced crystallinity. Particularly, forming the outside layers of an 
SMS fabric laminate with a polymer of reduced crystallinity may be advantageous in terms of softness and abrasion 
resistance, but strength may be reduced because the melting range of the spun-bonded layers may be essentially the 

5 same as the melting range of the interior melt-blown layer formed of a polymer having a higher degree of crystallinity. 
Unless a melt temperature differential of about 10''-40''C exists between the spun-bonded and melt-blown layers, bond- 
ing will not be optimum and strength will be reduced. 

The SMS fabric laminate of the present invention is particularly suited for the fabrication of protective garments for 
use in clean rooms, particularly sterile dean rooms, and paint rooms. Not only does ttie SMS fabric laminate have supe- 

10 rior drape and abrasive qualities, the SMS fabric laminate has superior particle emission characteristics when com- 
pared to conventional SMS fabric laminates. As a result, garments fabricated from the SMS fabric laminate of the 
present invention are particularly suited for clean room environments where air born particles must be minimized. 

Preferably low particle emission garments are constructed from an SMS fabric laminate in which the melt-blown 
layer Is formed from high crystalline polypropylene and the spun-bonded layers are formed from a low crystalline copol- 

15 ymer (a C/P/C laminate). The copolymer is formed by copotymerizing 3.2% by weight of ethylene randomly in the back- 
bone of the polypropylene. The resulting copolymer has a crystallinity of less than 32%. 

Where garments fabricated with tiie SMS fabric laminate of ttie present invention are used in a sterile environment, 
such as a pharmaceutical manufacturing facility, the SMS fabric laminate is treated with a hindered amine light stabi- 
lizer. 

20 Other objects and advantages of ttie invention will become apparent upon reading the following detailed description 
of preferred embodiments of tiie present invention and upon reference to the drawings. 

Figure 1 is a schematic diagram of a forming machine which is used in making the nonwoven fabric laminate of the 
present invention; 

25 Fig. 2 is a cross section view of the nonwoven fabric laminate of the present invention showing the layer configura- 
tion; 

Fig. 3 is a graph showing tiie melt temperature range of a polymer (polypropylene) used in making fabric laminates 
in accordance with the prior art; 

Fig. 4 is a graph showing the melt temperature range of a copolymer used in making fabric laminates in accordance 
30 witii the present invention; 

Fig. 5 is a graph showing the particle emission results of a Helmke Drum Test for various fabrics; 
Fig. 6 is a graph showing the particle emission results of clean room laundering test of garments made in accord- 
ance with the present invention; and 

Fig. 7 is a perspective drawing of a dean room garment embodying the present invention. 

35 

While ttie invention will be described in connection witti a pretended enrtxxliment it will be understood ttiat we do not 
intend to limit the invention to ttiat embodiment. On the contrary, we intend to cover all alternatives, modifications, and 
equivalents as may be included within ttie scope of ttie invention as defined by ttie appended claims. 

Turning to Rgure 1 . there is shown a schematic of a forming machine 10 which is used to produce an SMS fabric 
40 laminate 12 in accordance with the present invention. Particularly, the forming machine 10 consists of an endless 
foraminous forming belt 14 wrapped around rollers 16 and 18 so that tiie belt 14 is driven in tiie direction shown by ttie 
arrows. The forming machine 10 has ttiree stations, spun-bond station 20, melt-blown station 22, and spun4x)nd station 
24. 

TTie spun-bond stations 20 and 24 are conventional extruders with spinnerettes which form continuous filaments of 
45 a polymer and deposit those filaments onto the forming belt 1 4 in a random interlaced fashion. The spun-bond stations 
20 and 24 may include one or more spinnerette heads depending on the speed of the process and tiie particular poly- 
mer being used. Forming spun-bonded material is conventional in ttie art, and ttie design of such a spun-bonded form- 
ing station is thought to be well wittiin ttie ability of ttiose of ordinary skill in the art. The nonwoven spun-bonded web 
32 is prepared in conventional fashion such as illustrated by ttie following patents: Dorschner etal . US-A-3,692.618; 
so Kinney US-A-3.338,992 and US-A-3,341 ,394; Levy US-A-3,502,538; Hartmann US-A-3.502.763 and US-A-3,909.009; 
Dobo etal. US-A-3,542.615; Harmon CA-B-803,714; and Appel etal. US-A-4,340,563. Other mettiods for forming a 
nonwoven web having continuous filaments of a polymer are contemplated for use witti tiie present invention. 

Spun-bonded materials prepared witti continuous filaments generally have at least ttiree common features. Rrst. 
the polymer is continuously extruded ttirough a spinnerette to form discrete filaments. Thereafter, the filaments are 
55 drawn eittier mechanically or pneumatically without breaking in order to moleculariy orient ttie polymer filaments and 
achieve tenacity. Lastiy, the continuous f Baments are deposited in a sutistantlally random manner onto a carrier belt to 
form a web. Particularly, ttie spun-bond station 20 produces spun-bond filaments 26 from a fber forming polymer. Tlie 
filaments are randomly laid on the belt 14 to form a spun-bonded external layer 28. The fiber forming polymer is 
desabed in greater detail below. 
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The melt-blown station 22 consists of a die which is used to form microf ibers 30. The microf Ibers 30 are randomly 
deposited on top of the spun4x)nd layer 28 and form a melt-blown layer 32. The construction and operation of the melt- 
blown station 22 for forming microfibers 30 and melt-blown layer 32 is considered oonventiona), and the design and 
operation are well within the ability of those of ordinary skill in the art Such skill is demonstrated by NRL Report 4364. 

5 "Manufacture of Super-Rne Organic Fibers", by V.A. Wendt. E.L Boon, and CD. Fluharty; NRL Report 5265. "An 
improved Device for the Formation of Super-Fine Thermoplastic Fibers", by K.D. l^awrence. R.T. Lukas. and J.A. Young; 
and US-A-3,849,241 . issued November 19. 1974, to Buntin etal . Other methods for forming a nonwoven web of micro- 
fibers are contemplated for use with the present invention. 

The melt-blown station 22 produces microfine fibers 30 from a fiber forming polymer which will be described in 

10 greater detail below. The fibers 30 are randomly deposited on top of spun-bond layer 28 to form a melt-blown internal 
layer 32. For an SMS medical fabric laminate, for example, the meit-blown ban'ier layer 32 has a basis weight of prefer- 
ably about 1 1 .87 to 16.96 gMi^ (0.35-0.50 ozTyd.^. For a clean room gannent. for example, the melt-blown barrier layer 
32 of the SMS fabric laminate has a basis weight of preferably about 13.56 g/m^ (0.4 oz./yd.^ to about 27.13 g/m^ (0.8 
oz7yd.^. 

IS After the internal layer 32 has been deposited by the melt-blown station 22 onto layer 28. spun-bond station 24 pro- 
duces spun-bond filaments 34 of polymer which are deposited in random orientation on top of the melt-blown layer 32 
to produce external spun-bond layer 36. For an SMS medical fabric laminate, for example, the layers 36 and 28 each 
have a basis weight of preferably from about 1 1 .87 g/nf (0.30 ozVyd.^ to about 40,7 g/m^ (1 .2 oz./yd.^). For a clean 
room garment, for example, the layers 36 and 28 of the SMS febric laminate each have a basis weight of preferably from 

20 about 1 1 .87 g/m^ (0.3 ozVyd.^) to about 33.9 g/nf (1 .0 oz./yd.2). 

TTie resulting SMS fabric laminate web 12 (Fig. 2) is then fed through bonding rolls 38 and 40. The surface of the 
bonding rolls 38 and 40 are provided with a raised pattern such as spots or grkls. The bonding rolls are heated to the 
softening temperature of the polymer used to form the layers of the web 12. As the web 12 passes between the heated 
bonding rolls 38 and 40. the material is compressed and heated by the bonding rolls in accordance with the pattern on 

25 the rolls to create a pattern of discrete areas, such as 41 shown in Rg. 2, which areas are bonded from layer to layer 
and are bonded with respect to the particular filaments and/or fibers within each layer. Such discrete area or spot bond- 
ing is well known in the art and can be carried out as described by means of heated rolls or by means of ultrasonic heat- 
ing of the web 12 to produced discrete area thermally bonded filaments, fibers, and layers, in accordance with 
conventional practice described in Brock et al.. US-A-4,041 .203. it is preferable for the fibers of the melt-blown layer in 

30 the ^ric lanrtinate to fuse within the bond areas while the filaments of the spun-bonded layers retain their integrity in 
order to achieve good strength characteristics. 

A typical bonding pattern designated "H&P" has square pin bonding areas wherein each pin has a side dimension 
of 0.97 mm (.038 in.), a spacing of 1 .78 mm (.070 in.) between pins, and a depth of bonding of 0.58 mm (.023 in.). The 
resulting pattern has a bonded area of about 29.5%. Another typical bonding pattern designated "714" has square pin 

35 bonding areas wherein each pin has a side dimension of 0,58 mm (.023 in.), a spacing of 1 .57 mm (.062 in), between 
pins, and a depth of bonding of 0.84 mm (.033 in). The resulting pattern has a bonded area of about 15%. Another typ- 
ical bonding pattern is the "EHP" bond pattern which produces a 1 5% bond area with a square pin having a side dimen- 
sion of 0,94 mm (.037 in.), a pin spacing of 2,46 mm (.097 in.), and a depth of 0,99 mm (.039 in). Typically, the percent 
bonding area varies from around 1 0% to 30% of the area of the fabric laminate web 1 2. As is well known in the art. the 

40 spot bonding holds the laminate layers together as well as imparts integrity to each individual layer by bonding filaments 
and/or fibers within each layer. 

While the particular bonding pattern does not form any part of the present invention, the ability of the polymer fila- 
ments and fibers to bond within the discrete bond areas is important to providing a fabric laminate web 1 2 which has a 
high tear strength, high tensile energy, is abrasion resistant, has reduced particle emissions, and still has inaeased fab- 

45 ric drape and softness, in that regard, we have found that fabric laminates having layers formed from olefin copolymers, 
terpolymers. and blends of polymers having a crystaltinity less than 45% provide improved thermal bonding and there- 
fore improved fabric characteristics even though such polymers produce fibers with lower tenacity and lower modulus 
than those fbers formed from polypropylene. More preferably, at least some of the layers of the fabric laminate are 
formed from an olefin copolymer, an ol^in terpoiymer. or blend of olefin polymers having a crystallinity between 31- 

50 35%. Even more preferably, at least some of the layers of the fabric laminate are fbrmed from an olefin copolymer, olefin 
terpoiymer or blend of olefin polymers having a crystallinity of about 32%. 

In order to achieve such a reduced crystallinity polymer for forming a layer for a fabric laminate, we have found that 
copolymerizing 0.5 to 5.0% by weight of ethylene randomly in the backbone of polypropylene produces a copolymer 
which is especially useful for spun-bonded webs and combinations of spun-bonded and melt-blown webs for use in pro- 

55 ducing a fabric laminate. Particularly, such a copolymer finds usefulness in producing SMS fabric laminates. 

By using an olefin copolymer, olefin terpoiymer. or blend of olefin polymers having a reduced crystallinity for pro- 
ducing laminate layers, the resulting modified thermoplastic polymer has a broadened melting range which achieves 
bonding at a lower spot bonding temperature and provides bonding over a broader range of temperatures encountered 
during the spot bonding process. With reference to Rgs. 3 and 4, one can see graphically the broadened melt temper- 
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ature range that the propylene cx)poiymer (3% ethylene) has (Rg. 4) as compared to higher aystallinity polypropylene 
(Rg. 3). For example, the polypropylene melts over a very narrow range of about 150-1 70*C. while the propylene copol- 
ymer (3% ethylene) melts over a broader and lower temperature range of about 125-160''C. It is believed that the 
reduced crystallinity of the copolymer, terpolymer, or polymer blend results not only in a fabric that is easier to process 

5 because of the broadened melt temperature range but also a polymer which bonds more securely without damage to 
the fibers than the higher crystallinity polymers, such as polypropylene, which are customarily used in manufacturing 
spun-bonded and mett-Uown webs which are used to make SMS febric laminates. Moreover, the copolymer in the 
spun-bonded layer makes the spun-bonded layer more compatible in bonding temperature to the interior melt-blown 
layer, even where the mett-Uown layer is formed from a polymer of high crystallinity such as polypropylene. Conse- 

10 quently. the resutting boncfing is more secure and the likelihood of pinholes occurring is reduced. 

The fabric laminates of the present invention with improved strength, softness and drape, abrasion resistance, and 
partide emission are useful in a number of applications. For example. SMS fabric laminates embodying the present 
invention can be converted into surgical gowns, surgical drapes, sterile wrap, and dean room garments including ster- 
ilizable dean room garments. 

15 The present invention is illustrated by comparison of SMS fabric laminates formed of unrrxxiified high aystallinity 
polypropylene to SMS fabric laminates having at least some layers formed from a copolymer of 3% by weight of ethyl- 
ene copolynfierized randomly in the bacMjone of the polypropylene. 

Example 1 

20 

In order to evaluate tiie effect of forming the layers of an SMS fabric laminate using a copolymer with reduced crys- 
tallinity. such as a propylene copolymer (3% ethylene), six samples of SMS fabric laminates were prepared and tested. 
The six samples are shown in Table 1 below which records their layer composition and the various tests that demon- 
strate the superiority of the fabric laminates formed from ttie copolymer in terms of higher tear strength, higher tensile 

25 energy, greater abrasion resistance, and increased fabric drape and softness. 

Fabric laminate Samples 2, 4, and 6 are SMS fabric laminates which were prepared using an unmodified polypro- 
pylene polymer, particularly Exxon® PD3125 for the spun-bonded layers and Exxon® 3214 plus peroxide for the melt- 
blown layer. Such polypropylene polymers are manufactured and soM by Exxon Chemical Company of Baytown, Texas. 
The layers were bonded at a temperature of 143°C (290''F). 

30 Fabric laminate Samples 1 , 3. and 5 were prepared using the same process parameters as Samples 2. 4. and 6 
respectively except tiiat propylene copolymer (3% ethylene) was used for forming tiie layers instead of polypropylene 
and the bonding temperature was reduced. The copolymer is manufactured by Shell Oil Company and designated 
Shell® WRS 6-144 3% ethylene. The copolymer is produced by oopolymerizing propylene with 3% by weight of ethyl- 
ene. 

35 As a resutt of the broadened mett temperature range of the copolymer, a lower bonding temperature, between 1 35- 
1 38''C (275'*-280®F). was used to bond the layers of the SMS feibric laminate made from the copolymer. Consequentiy, 
the only difference between the preparation of Sample 1 and Sample 2 was the use of tiie 3% copolymer instead of 
unnmlif ied polypropylene and a lower bonding temperature. Ukewise the preparation of Sample 3 and Sample 4 and 
the preparation of corresponding Sample 5 and Sample 6 varied only in terms of the polymer used and the bonding 

40 temperature. 
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TABLE 1 





Sample 


Sample 1 


Sample 2 


Sample 3 


Sample 4 


Sample 5 


Sample 6 


5 


Polymer 

PatternAiber 
shape 


c/c/c 

EHP/ROUND 


P/P/P 
EHP/ROUND 


C/C/C 
EHP/ROUND 


P/P/P 
EHP/ROUND 


C/C/C 
714 ROUND 


P/P/P 
714 ROUND 


10 


Calender 
Temp C»F) '^C 


(280) 138 


(292) 144 


(278) 137 


(292) 144 


(275) 135 


(290) 143 




Basis Weight 
(osy) X 33,9 
g/trr 


1.58 


1.59 


1.42 


1.40 


1.49 


1.42 


15 


Grab Tensile 
MD/CD (lbs) 
X 0,45 kg 


22.9/20.9 


21.3/20.9 


19.8/19.2 


21.7/20.2 


23.1/19.2 


19.5/16.1 


20 


Elongation 
MD/CD (%) 


68.6/80.8 


48.6/57.9 




- 


73/87 


76/75 




Peak Energy 
MD/CD (lbs) 
X 0.45 kg 


29.1/28.7 


19.3/20.4 


23.0/27.1 




40.5/39.2 


39.1/29.8 


25 


Trap Tear 
MD/CD Cbs) 
X 0.45 kg 


10.9/9.4 


8.8/8.7 


9.1/8.1 


8.8/7.7 


10.5/9.6 


9.9/7.5 


30 


Taber Abra- 
sion 

*Pin/Anvil 

(cycles) 


89/60 


53^9 


87/22 


51/24 


52/29 


11/8 


35 


Coefficient of 
Friction (fab- 
nc to fabric) 


0.485 


0.395 


0.543 




0.53 


0.45 




SST Softness 

(higher is 
softer) 


67 


29 . 


87 


33 


96 


86 


40 


Drape Stiff* 
ness MD/CD 


3.3/2.5 


3.3/2,7 


3.1/2.4 




3.4/2.1 


3.7/2.3 



ntaber abrasion of 50 repllcates/tainple 



45 

With respect to Table 1 above, the "Polymer** line of Table 1 shows that Sample 1 is a three layer SMS fabric lami- 
nate using the propylene copolymer (3% ethylene) ("C/C/C") for each of the layers in the fabric laminate. By the same 
token, the Table shows that Sample 2 is a three layer SMS fabric laminate made with unmodified polypropylene 
("P\P\P"). Sample 2 was formed by the same process as Sample 1 except that a higher bonding tenrperature was used 
50 to bond the polypropylene layers of the fabric laminate. 

The "pattern/fiber shape" line of Table 1 indicates that the standard spot bonding pattern "EHP" was used for Sam- 
ples 1 -4. For Sanples 5 and 6, the "714** bonding pattern was used. The temn "round" for each of the samples indicates 
the aoss-sectional shape of the fiber whteh results from using a spinning orifice that is round. The basis weight of each 
sample was measured in g/m^ (ounces per square yard) and is shown in the "Basis Weight" line of Table 1 . Basis weight 
55 was measured in accordance with Federal Test Method (FTM) 1 91 A-5. 

The grab tensile strength in pounds was measured in both the machine direction and cross direction ("MD/CD"). 
The grab tensile strength was measured in accordance with FTM 191 A, Method 5100. It can be seen from Table 1 that 
the grab tensile strength for the corresponding copolymer and polypropylene samples is essentially the same thereby 
indicating that the copolymer fiber and filaments with their tower tenacity and lower modulus do not, as expected, 



e 
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reduce the grab tensile strength of the fabric laminate. 

Elongation as a percentage was measured in both the machine and the cross<lirection. As can be seen by com- 
paring Samples 1 and 2, Sample 1 . the copolymer fabric laminate sample, has substantially better elongation proper- 
ties than that of the polypropylene fabric laminate sample. Sample 2. With respect to Samples 5 and 6. the elongation 
is essentially the same. The elongation was measured in accordance with FTM 1 91 A. Method 51 00. 

With respect to peak energy, it can be seen that the copolymer fabric laminate Samples 1 and 5. have a substantial 
advantage over the polypropylene fabric laminate Samples 2 and 6 in terms of the peak energy characteristics. The 
peak energy was measured in accordance with FTM191 A. Method 5100. 

With regard to trapezoidal tear strength, measured in pounds in both the machine and cross-direction, it can be 
seen that the copolymer tabric laminate Samples 1 , 3, and 5 enjoy a substantial advantage over the respective polypro- 
pylene fabric laminate Samples 2. 4. and 6. Trapezoidal tear was measured in accordance with FTM 191A. Method 
5450, 

The abrasion of the febric laminate was measured in accordance with the Taber Abrasion Test and shows that for 
respective samples the copolymer fabric laminates are more abrasion resistant than the polypropylene fabric laminates. 
The abrasion resistance was measured in accordance with FTM 191 A. Method 5306 at 50 replications per sample. 

The softness of the respective copolymer fabric laminate samples as compared to the polypropylene fabric lami- 
nate samples is remarkably improved as indicated by the higher index number. The softness was measured by an in- 
house procedure similar to INDA Std. Test 1ST 90.0-75 (R-82). 

The drape stiffness measured in centimeters in both the machine and cross-direction is less for the copolymer fab- 
ric laminate samples as compared to the respective polypropylene fabric laminate samples thereby indicating that the 
copolymer fabric laminates are more drapeable. Drape stiffness was measured in accordance with FTM 191 A, Method 
5206. 

In summary with respect to strength and elongation, the copolymer fabric laminates consistently are 10-30% higher 
in elongation and peak energy than the polypropylene fabric laminates due to the lower crystallinity and better bonding 
of the fibers and filaments. The increased toughness is also reflected in the higher trapezoidal tear values. 

There is no significant difference in grab tensile strength. The lower tensile strength which was expected for the less 
crystalline copolymer was likely overshadowed by the better bonding of the copolymer during the spot bonding process. 
Abrasion resistance, according to the Taber results, is consistently 40% greater for the copolymer fabric laminates as 
compared to the polypropylene fabric. The failure mechanism is the same for the copolymer fabric laminates as well as 
for the polypropylene fabric laminates with the EHP pattern. Both fabric laminates show equal amounts of fiber break- 
age and fibers pulled from the bond points. With the 714 pattern, the failure mechanism is predominantly fiber pulled 
from bonding points rather than the fiber breakage. The better abrasion resistance for the copolymer is attributed to bet- 
ter bonding and more flexible spun-bonded f bers. 

With regard to the tactile properties for the fabric laminates, the copolymer fabric laminates appear better than the 
polypropylene fabric laminates. Physical and sensory panel evaluation reveals that the copolymer fabric laminates have 
slightly better drape, higher fabric to fabric friction, and higher drag against the skin than polypropylene fabric laminates. 
The copolymer fabric laminates produce a slight increase in fabric softness, and the sensory panel consistently judged 
the copolymer fabric laminates softer and less abrasive than polypropylene fabric laminates. 

While work was done using the propylene copolymer (3% ethylene) described above, it is believed that the useful 
range for the ethylene is as stated between 0.5-5.0% by weight of ethylene. We have found, however, that as the ethyl- 
ene content approaches 5.0% the fabric laminates begin to lose tensile strengtti although the fabric laminates seem to 
retain their other desirable attributes. Also at 5.0% ethylene the copolymer becomes difficult to process because of its 
adhesive characteristics. 

Example 2 

In another set of tests, two conventional fabric laminates and two fabric laminates in accordance with the present 
invention were made and tested. The four sanples are shown in Table 2 below which records their composition and the 
various tests that demonstrate the superiority of the fabric laminate formed from layers of copolymer in terms of higher 
tear strength, higher tensile energy, greater abrasion resistance, and increased fabric drape and softness. 

Fabric laminates Samples 7 and 8 are SMS fabric laminates which were prepared using an unmodified polypropyl- 
ene polymer, particularly Exxon PD3125 for the spun-bonded layers and Exxon 3214 plus peroxide for the melt-blown 
layer. 

Samples 9 and 1 0 are fabric laminates which were prepared using essential the same process parameters as Sam- 
ples 7 and 8 except that propylene copolymer (3% ethylene) was used for forming all of the layers instead of polypro- 
pylene and the bonding temperature was reduced. The copolymer was Shell WRS 6-144 3% ethylene. Samples 7 and 
8 also differ from Samples 9 and 10 as a result of the use of a different spot bonding pattern and small variations in 
basis weight. A lower bonding temperature was used for the copolymer fabric laminates. Sample 9 and 10. because 
of the broader softening temperature range exhibited by the copolymer. The results are reported in Table 2: 
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TABLE 2 





Sample? 


Sample 8 


Sample 9 


Sample 10 


Pattern*Material 


EHP-P/P/P 


EHP-P/P/P 


714-C/C/C 


714-C/C/C 


Fiber Shape 


round 


round 


round 


round 


Basis Wt. Total (MB) 


1.4 (.35) 


1.59 (.55) 


1.55 (.43) 


1.7 (.48) 


Grab Tensile Strength (lbs) MD/CD x 0.45 kg 


19.54/16.55 


22.25/18.35 


22.48/19.70 


24.91/21.11 


Grab Peak Energy (in-lbs) MD/CD x 1 1 ,43 mm • kg 


14.89/14.59 


20.49/16.26 


24.02^22.48 


24.67/24.52 


Elongation (%) MD/CD 


40.41/53.76 


43.03/50.82 


59.88/69.35 


55.59/69.26 


Trapezoidal Tear Strength (lbs) MD/CD x 0.45 kg 


6.68/574 


7.37/8.11 


9.15/7.67 


8.78/7.80 


Trapezoidal Tear Strength Post Irradiation (lbs) x 0,45 
kg MD/CD 


6.68/5.74 


7,37/8.11 


7.32/6.14 


7.22/6.40 


Taber Abrasion (cycles) Face/Anvil 


20/12 


15/11 


14/8 


14/6 


SST Softness (mm) 


67.5 


51.6 


61,5 


53.6 


Drape Stiffness (cm) MD/CD 


3.8/2.1 


3.5/2.1 


3.6/2.4 


3.6/2.4 



25 With reference to Table 2. the first line entitled "Pattern-Materiar indicates the bonding pattern, either "EHP" or 
"714". and the material, polypropylene or the copolymer, used in each of the layers. For example, Sample 7 is a three 
layer SMS fabric laminate having all three layers made of a high crystalline polypropylene whereas Sample 9 is a three 
layer SMS fabric laminate with all three layers made from a propylene copolymer (3% ethylene). The next line of Table 
2 describes the shape of the fiber or filament TTie line entitled "Basis Weight Total (MB)" shows the total basis weight 

30 of the three layer laminate and the basis weight of the internal melt-blown layer in parenthesis. For example, in Sample 
7 the total fabric laminate has a basis weight of 47,47 g/m^ (1.4 oz/yd^) with the internal meft-blown layer having a basis 
weight of 11,87 g/m^ (.35 oz/yd^. Consequently, each spun-bonded exterior layer is just slightly greater than 16.96 
g/m^ (.50oz/yd2). 

With regard to the grab tensile strength. It can be seem from Table 2 that the grab tensile strength for the copolymer 
35 and polypropylene fabric laminate samples is essentially the same thereby indicating that using the copolymer does 
not, as expected, reduce the grab tensile strength of the fabric laminate. It shouU be appreciated, however, that direct 
comparisons between the polypropylene fabric laminates and the copolymer fabric laminates listed in Table 2 may be 
overshadowed by the use of the different bonding patterns for the polypropylene fabric laminates and the copolymer 
feibric laminates. In Table 2 it also appears that the basis weight might also effect strength. 
40 With respect to peak energy, it can be seen that the copolymer fabric laminates, Samples 9 and 1 0. possess higher 
peak energy than the polypropylene fabric laminates, Samples 7 and 8. Again, those differences may in part be masked 
by the use of the different bonding patterns. 

With respect to elongation, it can be seen that the copolymer fabric laminates. Samples 9 and 10, have a greater 
percentage elongation than the polypropylene fabric laminates, Samples 7 and 8. Again, the true value of the difference 
45 may be masked by the different bonding patterns used. 

With respect to trapezoidal tear strength, it can be seen that the copolymer fabric laminates are stronger or at the 
very least comparable to the polypropylene fabric laminates. 

With respect to abrasion, the copolymer fabric laminates, Samples 9 and 10, do not perform as well as the polypro- 
pylene fabric laminates either with respect to the Taber Abrasion Test. It is believed that the poor abrasion performance 
50 is due to the diffa'ence in bonding pattern used for the copolymer fabric laminates and for the polypropylene fabric lam- 
inates. In any event, the loss of abrasion resistance is not so great as to make a substantial difference in perfbrnr^nce 
for the copolymer fabric laminates. 

With regard to softness and drape, it can be seen that the copolymer fabric laminates. Samples 9 and 10, are of 
equal softness to the polypropylene fabric laminates with respect to the SST softness test and the drape stiffness test. 
55 In summary, the fabric laminates. Samples 9 and 1 0, consisting of layers formed from the copolymer have improved 
peak energy, improved tear strength, and comparable abrasion resistance to the conventional polypropylene fabric lam- 
inates. Samples 7 and 8. 
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Example 3 

While the fabric laminate samples made in accordance with the present invention and desaibed above used the 
copolymer for all of the layers of the fabric laminate, some of the advantages of the present invention can be achieved 
5 by using the copolymer, terpolymer. or blend in less than all of the layers of the fabric laminate. 

Two additional fabric laminate Sanfiples 1 1 and 12 were prepared and tested. TTie two samples. Samples 1 1 and 
12. are shown in Table 3 below. 

Sample 1 1 is an SMS fabric laminate having the spun-bond layers formed from the propylene copolymer (3% eth- 
ylene) and the interior mett-blown layer formed from high aystaliine polypropylene. Sample 12 is an SMS fabric lami- 
10 nate with all three layers formed from high aystaliine polypropylene as previously described In connection with 
Example 1. The polypropylene used in the melt-blown layers of both samples was Himont PF-015 manufactured by 
Himont USA. Inc.. Wilmington, Delaware. The spun-bonded layers in Sample 12 are formed from Himont PC 973. The 
conposWon of the two samples and test results are reported in Table 3: 

15 

TABLES 







Sample 11 


Sample 12 


Pattern-Material 




714-C/P/C 


714-P/P/P 


Fiber Shape 




round 


round 


Basis WtTotal (MB) 


Test History 


1.7(0.40) 


1.7(0.40) 


Grab Tensile Strength (lbs) MD/CD x 0,45 kg 


At time of mfg. 


19,2/20.0 


23.0/21.8 




3 wks after mfg. 


20.6/19.2 


23.8/21.6 


Grab Peak Energy (in-lbs) MD/CD x 1 1 ,43 mm • kg 


3 wks after mfg. 


17.9/18.7 


17.0/16,2 


Trap Tear (lbs) MD/CD x 0,45 kg 


At time of mfg. 


10.3/7.3 


8.0/8.0 




2 wks after mfg. 


8.7/7.8 


8.3/7.0 


Taber (cycles to enc^t.) 


3 wks after mfg. 


83/24 


26/9 


Crush Energy (g • mm) 


At time of mfg. 


3437 


4240 




2 wks after mlg. 


4200 


4860 


SST Softness (mm) 


2 wks after mfg. 


53 


45 



It was observed that the grab tensile strength of the SMS fabric of Sample 1 1 was lower than that of SMS fabric 
having all three layers formed of the propylene copolymer (3% ethylene) and lower than that of conventional SMS fabric 

40 having all three layers formed of propylene polymer. It is believed that this reduction in the grab tensile strength may be 
due to the fact that the softening temperature of the propylene copolymer (3% ethylene) used in the spun-bonded layers 
is lower than that of the propylene polymer. Consequently, the fiiamerrts in the spun^nded layers may have fused 
excessively in the bond areas thus leading to the reduced strength of the fabric lanfiinate. 

With reference to Table 3. Sanple 1 1 , as predicted because of the reduced softening temperature differential, has 

45 reduced grab tensile strength as compared to the conventional polypropylene fabric laminate, Sample 12. The grab 
peak energy of Sample 1 1 , however, is essentially the same as tiie grab peak energy for the conventional fabric lami- 
nate. Sample 12, because the higher elongation offsets the reduced tensile strength. The trapezoidal tear strength of 
Sample 1 1 made in accordance with the present invention is greater than the trapezoidal tear strength for conventional 
Sample 12. 

50 Sample 1 1 . also, outperforms the conventional Sample 12 in terms of abrasive resistance as shown by the Taber 
Abrasion Test. 

With regard to softiiess. Sample 1 1 , also outperformed tiie conventional Sample 12 in terms of the SST Softness 
Test. 

/\s previously indicated, tiie fabric laminates of tiie present invention have reduced particle emissions when 
55 strained or flexed when compared to the particle emissions from conventional fabric laminates famed from isotactic 
polypropylene fibers and filaments. SMS ^ric laminates made in accordance with the present invention emit up to fifty 
times fewer particles greater ttian 0.3 microns in diameter when compared to a conventional SMS fabric laminate 
formed of isotactic polypropylene. Consequently tiie fabric laminates of tiie present invention are particularly useful for 
making dean room garments. 
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Clean rooms are classified according to the number of particles of a particular size per cubic foot of air. Federal 
Standard 209D (FED-STD-209D) provides a particle distrflsution in accordance with the following Table 4 for the classi- 
fication of clean rooms: 



TABLE 4 



Class 


Measured Particle Si2e (Miaometers) 




0.1 


0.2 


0.3 


0.5 


5.0 


1 


35 


7.5 


3 


1 


NA 


10 


350 


75 


30 


10 


NA 


100 


NA 


750 


300 


100 


NA 


1.000 


NA 


NA 


NA 


1.000 


7 


10.000 


NA 


NA 


NA 


10.000 


70 


100,000 


NA 


NA 


NA 


100,000 


700 


(NA. -not applicable) 



20 



ExgmplQ4 

25 

In order to demonstrate the improved particle emissions characteristics of fabric laminates made in accordance 
with the present invention, four SMS fabric laminate sanples were prepared and tested. The results are recorded in 
Table 5. Two samples. Samples 13 and 14. are conventional SMS fabric laminates prepared from isotatic polypropyl- 
ene. Particularly. Sample 1 3 is a 6. 1 g/nf (1.8 oz/yd^) SMS fabric laminate having its layers bonded with an EHP bond 
30 pattern. Sample 14 is a 50,1 g/m^ (1 .5 oz^^ SMS febric laminate which likewise has been bonded with an HP bond 
pattern. 

Two samples made in accordance with the present invention. Samples 1 5 and Samples 1 6, were made using a pro- 
pylene copolymer (3.2% ethylene} for the external spun-bonded layers. The intemal melt-blown layer was formed from 
isotactic polypropylene. Particularly. Sample 15 is a 6.1 g/m^ (1 .8 oz/yd^ SMS fabric laminate (C/P/C) bonded witii an 
35 EHP bonding pattern. Sample 16 is a 57.65 g/m^ (1 .7 oz/yd^ SMS fabric laminate (C/P/C) bonded witii a 714 bonding 
pattern. 

The samples were all laundered in accordance with the requirements of tiie Recommended Practices of tiie Insti- 
tute of Environmental Sciences October. 1987. IES-RP-CC-00387-T in a class 10 clean room (FED-STD-209D) so tiiat 
particles on the samples left over from the manufacturing process would not skew the test results. The laundered sam- 
40 pies were tested both using the Helmke Drum Test carried out in accordance with IES-RP-CC-00387-T and the Climet 
Lint Test carried out in accordance with INDA Std. Test 160.0-83. The results are tabulated in Table 5 below: 



45 



50 



55 



4A 
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TABLES 





Sample 13 (Sam- 
ple 17 Table 6) 


Sample 14 (Sam- 
ple 18 Table 6) 


Sample 15 (Sam- 
ple 20 Table 6) 


Sample 16 (Sam- 
ple 19 Table 6) 


Material 


P/P/P 


P/P/P 


C/P/C 


C/P/C 


Basis Weight 


1.8 


1.5 


1.8 


1.7 


Bond Pattern 


EHP 


HP 


EHP 


714 


Helmke Partide Emission (Parti- 
cles/ft^ of fabric lami- 
nate/R^/minute) 










>0.3 microns 


247±77 


NT 


5 + 2 


12±5 


>0.5 microns 


182162 


98±48 


3±2 


9±3 


Climet Unt (Total Particles/ft^) 










Test Time (min): 


0.6 


13 


14 


3 


3 




5.0 


383 


NT 


58 


NT 




8.0 


966 


NT 


175 


NT 




10.0 


1700 


NT 


447 


NT 



25 

As can be seen from Table 5, it is clear that fabric laminates made using the propylene copolymer (3.2% ethylene) 
produced substantially less particle emissions than the conventional febric laminates formed from isotactic polypropyl- 
ene filaments and fibers. 

30 It appears that the advantages of low particle emission can be achieved by using a copolymer for the external spun- 
bonded layers of an SMS fabric laminate which copolymer results from copolymerizing 0.5 to 5.0% by weight of ethyl- 
ene randomly in the backbone of polypropylene. For low particle emission SMS fabric laminates a 3.2% ethylene copol- 
ymer is preferred. It has also been found that blends of olefins are useful for forming the external spun-bonded layers 
of a low particle emission SMS fabric laminate. Particulariy, it has been found that a blend of polypropylene and poly- 

35 butylene for forming the spun-bonded layers of an SMS fabric laminate can produce a low emission fabric laminate as 
compared to conventional polypropylene SMS ybric laminates. The blend of polypropylene and polybutylene can be in 
the range of from 5 to 20% by weight of polybutylene with 5% by weight of polytxjtylene preferred. 

The adaptability of the inventive copolymer and polymer blends to SMS fabric laminates for dean room garments 
is further shown by the following example. 

40 

Example 5 

In order to demonstrate the improved particle emissions characteristics of fabric laminates made in accordance 
with the present invention. se\/en SMS fabric laminate samples (Samples 1 7 through 23) were prepared and tested by 

45 means of the Helmke Drum Test. The characteristics of the samples and the results of the Helmke Drum Test are set 
forth in Table 6 below and illustrated in Fig. 5. 

Two samples. Samples 17 and 18, are conventional SMS tabric laminates prepared from isotatic polypropylene. 
Sample 1 7 (which is in fact five separate samples) is an SMS fabric laminate sold by Kimberly-Clark and converted into 
garments under the trademaric KleenGuard®. The SMS fabric laminate has a total basis weight of 6.1 g/m^ (1.80 

so oz/yd^), with the internal melt-blown layer having a basis weight of 20.35 gAn^ (0.60 oz/yd^). Sample 18 (which was in 
fact five separate samples) is an SMS fabric laminate sold by Kimberly-Gark under the trademark KleenGuard® and 
has a total basis weight of 50,86 g/m^ (1.50 oz/yd^). with the internal melt blown layer having a basis weight of 15.26 
g/m2(0.45oz/yd2). 

Samples 19 through 22 were made in accordance with the present invention. Each of the Samples 19 through 22 
55 is an SMS fabric laminate. The external layers of Samples 19 through 22 are spun<bonded and formed of a copolymer 
resulting from copolymerizing 3.2% by weight of ethylene randomly in the backbone of polypropylene. The internal meK- 
blown layer of each sample is formed of isotactic polypropylene. Sample 19 (in fact five samples) has a basis weight of 
59.34 g/m^ (1.75 oz/yd^. with the internal melt-blown layer having a basis weight of 14.24 g/m^ (0.42 oz/yd^). Sample 
20 (in fact five samples) has a total basis weight of 6.1 g/hi^ (1 .80 oz/yd^. with the melt-blown internal layer having a 
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basis weight of 20.35 g/m^ (0.60 oz/yd^). Sample 21 (in fact five samples) has a total basis weight of 59.34 g/m^ (1 .75 
oz/yd^). with the melt-blown internal layer having a basis weight of 14.24 g/m^ (0.42 oz/yd^). Sample 22 (in fact three 
samples) is the same as Sample 21 except that Sample 22 h£^ been sterilized by subjecting the sample to gamnfia radi- 
ation in accordance with standard practices specified by the FDA. In order to make ttie SMS fabric laminate stable for 

5 sterilization, the spun-bonded layers are treated with a hindered amine. Particularly. Chimasorb 944 manufactured by 
Allied Chemical Corporation of Morristown, New Jersey. Is added In the amount of 0.75% by weight of the spun-bonded 
layers during the forming of the spun-bonded layers. 

Sample 23 is an SMS fabric laminate made in accordance with the present invention. The internal melt-blown layer 
of Sample 23 is formed of isotactic polypropylene and having a basis weight of 20.35 g/m^ (0.60 oz/yd^). The external 

10 spun-bonded layers were formed from a blend of isotatic polyprc^ylene and 5% by weight of polybutylene. Each spun- 
bonded layers has a basis weight of 20.35 g/m^ (0,60 oz^) for a total basis weight of 6.1 g/hfi^ (1 .8 oz/yd^. 
A comparison of tiie particle emission for Samples 17 through 23 is set forth in Table 6 below. 



TABLE 6 



£\f 


SAMPLES 


17 Conven- 
tional (Sanv 
ple 13 Table 
5) 


18 Conven- 
tional (Sam- 
ple 14 Table 
5) 


19 Low 

Emission 
3.2% PE 
(Sample 16 
Table 5) 


20 Low 

Emission 
3.2% PE 
(Sample 15 
Tat)le 5) 


21 Low 

Emission 
3.2% PE 


22 Low Emis- 
sion 3.2% PE 
Sterile 


23 Low Emis- 
sion Blend 




Material 


P/P/P 


P/P/P 


C\P\C 


C\P\C 


C\P\G 


CVP\C 


C\P\C 


Ofi 


Total Basis 
Weight 

33.91 gAfl^ 


1.80 


1.50 


1.75 


1.80 


1.75 


1.75 


1.80 


30 


Mett-Uown 
(oz/yd2) X 
33,91 g/hi2 


0.60 


0.45 


0.42 


0.60 


0.42 


0.42 


0.60 




Bond Pattern 


EHP 


HP 


714 


EHP 


714 


714 


EHP 




Area(ft2)x 
0.0929 


4.50 


9.62 


9.62 


4.50 


9.62 


9.62 


2.67 


35 


Particles 
>5.0ti 


18.05 




1.55 


0.25 






6.20 




Particles 

>1.0)i 


76.52 




5.17 


1.83 






36.89 


40 


Particles 
>0.5(i 


181.96 


98.12 


8.99 


3.03 


5.60 


3.56 


65.00 




Particies 
>0.3^ 


247.61 




12.39 


4.95 






86.01 



AS 



As can be seen from Table 6. the samples made In accordance with the present invention, Samples 19 through 22, 
produce far less particle emissions than the conventional SMS fabric laminates, Samples 1 7 and 18. The particle count 
for particles less than 0.5 microns was ten times less for Samples 1 9 through 22 than for the conventional polypropylene 

50 Samples 17 and 18. Even Sample 23. with its blend of polypropylene and 5% polybutylene used for making Its spun- 
bonded layers, outperformed the conventional polypropylene Samples 17 and 18. 

In order to furtiier demonstrate the low emission characteristics of the SMS fabric laminate made from a low ays- 
talllne olefin copolymer, clean room garments were fabricated and used in the operation of a class 10 dean room laun- 
dry A class 10 clean room laundry launders arxl packages clean room gamients. The dean room garment embodying 

55 tile present invention is shown in Fig. 7. The garment shown In Fig. 7 is in most respects ttie same as the protective 
garments sold by Kimberly-Clark under the trademark KleenGuard®. The garment shown in Fig. 7 Is different in several 
ways. The garment is made from ttie SMS fabric laminate of ttie present invention. In addition the test garments were 
fabricated with monofilament nylon ttiread and the fabric was double roiled around ttie elastic at the cuffs of the arms 
and legs to minimize particulate emission from the elastic. 



14 
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The particular dean room laundry used to test the garments made in accordance with the present invention was in 
the business of laundering and packaging conventional woven polyester garments and conventional garments made of 
Tyvek®. Tyvek® is a registered trademark of Dupont of Wilmington, Delaware. For the purpose of the test, a Ciimet CI- 
8060 particle counter was set up inside the clean room laundry, and samples were taken at various locations. The work- 
ers, 3 - 4 per shift, were monitored for particulate emissions while wearing the following garments: 

Garment 1 . Woven polyester, manufactured by Mars White Knight or HiTech; 

Garment 2. 59,34 g/m^ (1 .75 oz/yd^) SMS fabric laminate (C/P/C; 3.2% ethylene) unsterile; and 

Garment 3. 59.34 g/m^ (1 .75 oz/yd^ SMS fabric laminate (C/P/C; 3.2% ethylene) sterile (gamma). 

Garment 1 of woven polyester is a conventional clean room garment. Garments 2 and 3 are gannents fabricated in 
accadance with the present invention from an SMS fabric laminate having the external spun-bonded layers formed 
from a low crystalline propylene copolymer of 3.2% ethylene and the internal melt-blown layer formed from isotatic poly- 
propylene. Sterilization was done by gamma rays In conventional fashion. All workers wore woven polyester hoods 
(Mars White Knight or HiTech), woven polyester boots (HiTech), and vinyl gloves at all times. 

It shouM be noted that the work conducted inside the clean room laundry, laundering, fluffing, folding, and packag- 
ing, can cause considerable amount of variability in the amount of generated particulate. Because of this, the matrix for 
conducting the test included testing with respect to each of the jobs performed in the dean room laundry and during the 
laundering of the different conventional gamients, Tyvek® and woven polyester garments. The matrix of garments worn 
and garments laundered is set fbrth in Table 7, below: 



TABLE 7 





GARMENTS WORN 


GARMENTS LAUN- 
DERED 


Garment 1 Woven Poly- 
ester 


Garment 2 SMS (3.2% 
E) Unsterile 


Garment 3 SMS(3.2%E) 
Sterile 


Woven Polyester 


1/1 




3/1 


Tyvek Ck)veralls 


1/2 


2/2 


3/2 


Tyvek Hood/Boots 


1/3 




3/3 



The blanks in Table 7 resulted from the inability to complete all segments of the matrix because of tiie commercial 
laundr/s production schedule. 

In taking the particle emission data, sampling was done at the various locations about the clean room. It was deter- 
mined ttiat the area of greatest particle emissions was under the feet of the worker whose job was fluffing and folding 
the laundered garments. This particular job was continuously performed whereas other jobs in ottier areas were only 
performed sporadically and on a limited basis. Therefore, all of the measurements were made at the location where ttie 
fluffing and folding was performed. Moreover, the worker at the location of the fluffing and folding during the 2 1/2 days 
of testing was the same person, tiiereby eliminating variation resulting from different individuals. 

Data was taken and statistically analyzed according to Federal Standard 209D. It should be noted ttiat this standard 
requires ttie use of a number of locations to determine the classification of a clean room. For the purpose of this study, 
analysis of tiie garments worn only in the one location (fluffing and folding) was used in order to assure worst case per- 
formance. It was believe ttiat ttie ottier locations, because of ttie limited use. would give misleadingly positive results as 
to ttie perfbmnance of all of tiie garments. 

In order to comply with Federal Standard 209D particulate levels were measured at one particle size (usually 0.5 
microns) and statistically analyzed. The upper confidence limit at 95% was ttien compared to ttie classifications for the 
clean room set fbrth in Table 4. above. The results of the testing is shown in Figure 6. The matrix entries 1/2. 1/3. and 
1/1 represent data taken while ttie conventional woven polyester garment was being worn and therefore those enfries 
and ttie con^esponding data are ttie control entries. When ttie two inventive garments, garments 2 and 3, were substi- 
tuted for ttie conventional woven polyester garment, the particulate count deaeased in all cases where the materials of 
the garments being laundered remained the same. Consequentiy, one can conclude that the garments made in accord- 
ance with ttie present invention themselves produced less particulate emission tiian conventional woven polyester 
clean room garments. 



EP0416620B1 



Claims 

1 . A nonwoven fabric laminate comprising a first layer of thermoplastic fflaments formed from a first thermoplastic pol- 
ymer and a second layer of discrete thermoplastic f bres formed from a second thermoplastic polymer, wherein the 

5 layers are positioned in laminar surface-to-surface relationship, wherein the layers are heat bonded in discrete 
areas, and wherein the thermoplastic polymer in at least said first layer is an olefin copolymer having a aystailinity 
of less than 45%. 

2. TTie nonwoven fabric laminate of claim 1 . wherein the olefin copolymer has a crystallinity between 31 -35%. 

10 

3. The nonwoven feibric laminate of claim 1 , wherein the olefin copolymer has a crystallinity of about 32%. 

4. The nonwoven fdbnc laminate of any one of daims 1 to 3. wherein the olefin copolymer is polypropylene modified 
by oopolymerizing 0.5-5.0% ethylene randomly in the backbone. 

IS 

5. A nonwoven fabric laminate comprising a first layer of thermoplastic f laments formed from a first thermoplastic pol- 
ymer and a second layer of discrete thermoplastic f bres formed from a second thermoplastic polymer, wherein the 
layers are positioned in laminar surface-to-surface relationship, wherein the layers are heat bonded in discrete 
areas, and wherein the thermoplastic polymer in at least said first layers is an olefin terpolymer having a crystallinity 

20 of less than 45%. 

6. TTie nonwoven febric laminate of claim 5, wherein the olefin terpolymer has a aystaflinity between 31-35%. 

7. TTie nonwoven fabric laminate of claim 5, wherein the olefin terpolymer has a aystailinity of about 32%. 

25 

8. A nonwoven fabric laminate according to any one of claims 1 to 4 comprising in sequence the first layer, the second 
layer and a third layer of thermoplastic filaments formed from a third thermoplastic polymer, wherein the layers are 
heat bonded in disaete areas and wherein each of the first and third thermoplastic polymers is an olefin copolymer 
having a aystailinity of less than 45%. 

30 

9. The nowoven fabric laminate of daim 8. wherein the olefin copolymer has a crystallinity between 31-35%. 

10. TTie nonwoven fabric laminate of claim 8, wherein the olefin copolymer has a aystailinity of about 32%. 

35 11 . The nonwoven fabric laminate of any one of daims 8 to 1 0, wherein the olefin copolymer is polypropylene modified 
by oopolymerizing 0.5-5.0% ethylene randomly in the backbone. 

12. A nonwoven fabric laminate according to any one of claims 5 to 7 comprising in sequence the first layer, the second 
layer, and a third layer of thermoplastic filaments formed from a third thermoplastic polymer, wherein the layers are 

40 heat bonded in disaete areas and wherein each of the first and third thermoplastic polymers is an olefin terpdymer 
having a aystailinity of less than 45%. 

13. The non-woven fabric laminate of daim 12 wherein the olefin terpdymer has a aystailinity between 31-35%. 

45 14. The non-woven fabric laminate of daim 1 2, wherein the olefin terpolymer has a crystallinity of about 32%. 

1 5. The non-woven f^ric laminate of any one of dainre 1 to 1 4 wherein the layer of thermoplastic filaments comprises 
continuous spunbonded filaments, and the layer of disaete thermoplastic fibres comprises meltblown fibres. 

so 1 6. A low partide emitting garment comprising a non-woven Utr\c laminate in accordance with any one of the preced- 
ing dainns. 

17. A medical sterile wrap comprising a non-woven fabric laminate in accordance with any one of daims 1 through 15. 

55 18. A surgical gown comprising a non-woven fabric laminate in accordance witii any one of claims 1 tiirough 15. 

19. A sterilisable dean room garment comprising a non-woven fabric laminate in accordance with any one of daims 1 
through 15. 
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PatentansprQche 

I. Nicht-gewebtes Textil-Laminat mit einer ersten Schichi aus thermoplastischen Filamenten. die aus einem ersten 
thermoplastischen Polymer hergesteilt sind. und einer zweiten Schicht aus einzelnen thermoplastischen Fasern. 

5 die aus einem zweiten thermoplastischen Polymer hergesteilt sind. wobei die Schichten in einer laminaren Anord- 
nung, Oberfldche an Oberfldche. angeordnet sind, wobei die Schichten in einzelnen Bereichen thermisch gebun- 
den sind. und wobei das thermoplastische Polymer in mindestens der ersten Schicht ein Olefin-Copolymer mit 
einer Kristallinitat von weniger als 45% ist 

10 2. Nicht-gewebtes Textil-Lamtnat nach Anspruch 1 , wobei das Olefin-Copolymer eine Kristallinitat zwischen 31 bis 35 
% aufweist. 

3. NIcht-gewebtes Textil-Laminat nach Anspruch 1 , wobei das Olefin-Copolymer eine Kristallinitat von etwa 32 % auf- 
weist. 

IS 

4. Nicht-gewebtes Textil-Laminat nach einem der AnsprQche 1 bis 3. wobei das Olefin-Copolymer ein Polypropylen 
ist, modifiziert durch Copolymerlsation von 0,5 bis 5,0 % Athylen slatistisch in der Haupttette. 

5. Nicht^ewebtes Te3(til-Laminat mit dner ersten Schicht aus thermoplastischen RIamenten. hergesteilt aus einem 
20 ersten thermoplastischen Polymer, und einer zweiten Schicht aus einzelnen thermoplastischen Fasern, hergesteilt 

aus einem zweiten thermoplastischen Polymer, wobei die Schichten in einer laminaren Anordnung, Obettldche an 
Oberfiache. angeordnet sind, wobei die Schichten in einzelnen Bereichen thermisch gebunden sind, und wobei 
das thermoplastische Polymer in mindestens den ersten Schichten ein Olef in-Terpolymer mit einer Kristallinitat von 
weniger als 45 % ist 

25 

6. Nicht-gewebtes Textil-Laminat nach Anspruch 5, wobei das Olef in-Terpolymer eine Kristallinitat zwischen 31 bis 35 
% aufweist. 

7. Nicht-gewebtes Textil-Laminat nach Anspruch 5, wobei das Olef in-Terpolymer eine Kristallinltdt von etwa 32 % auf- 
30 weist. 

8. Nicht-gewebtes Textil-Laminat nach einem der AnsprQche 1 bis 4, umfassend nacheinander die erste Schicht. die 
zweite Schicht und eine dritte Schicht aus thermoplastischen Filamenten, hergesteilt aus einem dritten thermopla- 
stischen Polymer, wobei die Schichten in einzelnen Bereichen thermisch gebunden sind. und wobei jede der ersten 

35 und dritten thermoplastischen Polymere ein Olefin-Copolymer mit einer Kristallinitat von weniger als 45 % ist. 

9. Nidit-gewebtes Textil-Laminat nach Anspruch 8, wobei das Olefin-Copolymer eine Kristallinitat zwischen 31 bte 35 
% aufweist. 

40 1 0. Nicht-gewebtes Textil-Laminat nach Anspruch 8, wobei das Olefin-Copolymer eine Knstallinitdt von etwa 32 % auf- 
weist. 

II. Nicht-gewebtes Textil-Laminat nach einem der AnsprQche 8 bis 10, wobei das Olefin-Copolymer ein durch Copo- 
lymerlsation mit 0.5 bis 5 % Athylen statistisch in der Hauptkette modif iziertes Polypropylen ist. 

45 

12. Nicht-gewebtes Textil-Laminat nach einem der AnsprQche 5 bis 7, umfassend nacheinander die erste Schicht, die 
zwdte Schicht und eine dritte Schicht aus thermoplastischen Filamenten, die aus einem dritten thermoplastischen 
Polymer hergesteilt sind, wobei die Schichten in einzelnen Bereichen thermisch gebunden sind, und wobei jeder 
der ersten und dritten thermoplastischen Polymere ein Olefin-Terpdymer mit einer Kristallinitat von weniger als 

so 45% ist. 

13. Nicht^ewebtes Textil-Laminat nach Anspruch 12, wobei das Olefin-Terpdymer eine Kristallinitat zwischen 31 bis 
35 % aufweist. 

55 14. Nicht-gewebtes Textil-Laminat nach Anspruch 12, wobei das Olef in-Terpolymer eine Kristallinitat von etwa 32 % 
aufweist. 

15. Nicht-gewebtes Textil-Laminat nach einem der AnsprQche 1 bis 14, wobei die Schicht aus thermoplastischen Fila- 
menten kontinuieriich spinngebundene RIamente umfaBt, und die Schicht aus einzelnen thermoplastischen 
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Fasern schmelzgeblasene Fasem umfaBt 

16. Kleidungsstuck mit niederiger Partikelemission umbssend ein nicht-gewebtes Textil-Laminat nach einem der vor- 
angegangenen AnsprQche. 

5 

17. Medizinische, sterile UmhQIIung umfassend ein nichtgewebtes Textit-Laminat nach einem der AnsprQche 1 bis 15. 

18. Medizinische Kleidung umfassend ein nicht-gewebtes Textillaminat nach einem der AnsprQche 1 bis 15. 

10 19. Sterilisierbares ReinraumkleidungsstQck umfassend ein nicht-gewebtes Textil-Laminat nach einem der AnsprQche 
Ibis 15. 

Revendications 

15 1 . Strati! i6 textile en non-tiss6 oomprenant une premiere oouche de filaments thermoplastiques formes d partir d'un 
premier polymdre thermoplastique et une deuxidme couche de fibres thermoplastiques discretes fbrm6es ^ partir 
d'un deuxi^me polym^re thermoplastique, dans lequel les couches sont positionn^es dans une relation de stratifi^ 
de surface k surface, dans lequel les couches 6tant thermoii6es dans des zones discretes, et dans lequel le poly- 
m^re thernroplastique dans au moins ladite premidre couche est un copolymdre d*oldine ayant une cristallinitd, 

20 inf 6rieure k 45%. 

2. Stratif 16 textile en non-tiss6 seton la revendication 1 , dans lequel le copolym^re d*ol6f ine a une cristallinit6 comprise 
entre31 et35%. 

25 3. Stratif 16 textile en non-tiss6 selon la revendication 1 . dans lequel le copotym6re d'ol6f ine a une cristallinit6 d'environ 
32%. 

4. Stratifi6 textile en non-tiss6 selon Tune quelconque des revendications 1 k 3, dans lequel le copolym6re d'ol6fine 
est un polypropylene modif i6 en copolym6risant statistiquement de 0,5 k 5.0% d'6thyt6ne dans la chains principale 

30 Iin6aire. 

5. Stratif 16 textile en non-tiss6 oomprenant une premi6re couche de filaments thermoplastiques form6s k partir d'un 
premier potym6re thermoplastique et une deuxi6me couche de fibres thermoplastiques discretes f6rm6es 6 partir 
d'un deuxl^me polym6re thermoplastique, dans lequel les couches sont positionn6es dans une relation de stratif 16 

35 de surface k surface, dans lequel les couches sont thermoli6es dans des zones discr6tes, et dans lequel le poly- 
m6re thermoplastique dans au moins lesdites premidres couches est un terpolym6re d'ol6f ine ayant une cristalli- 
nit6 inf6rleure 6 45%. 

6. Stratifi6 textile en non-tiss6 selon la revendication 5, dans lequel le terpolym6re d'ol6fine a une cristallinit6 oom- 
40 prise entre 31 et 35%. 

7. Stratif 16 textile en non-tiss6 selon la revendication 5, dans lequel le terpolym6re ^016! ine a une cristallinft6 d'envi- 
ron 32%. 

45 8. Stratifi6 textile en non-tiss6 selon I'une quelconque des revendications 1 k 4 comprenant en s6quence la premi6re 
couche. la deuxi6me couche et une troisi6me couche de filaments thermoplastiques form6s k partir d'un troisi6me 
polym6re thermoplastique, dans lequel les couches sont thermoli6es dans des zones disa6tes. et dans lequel les 
premier et troisi6me polym6res thermoplastiques sont, chacun, un copolym6re d'oldine ayant une cristallinit6 inf 6- 
rieure k 45%. 

50 

9. Stratif 16 textile en non-tiss6 selon la revendication 8, dans lequel le copolym6re d'ol6f ine a une cristallinit6 comprise 
entre 31 et 35%. 

10. Stratif 16 textile en non-tiss6 selon la revendication 8. dans lequel le copolym6re d'ot6fine a une cristallinit6 d'envlron 
55 32%. 

11. Stratifi6 textile en non-tiss6 selon Tune quelconque des revendications 8 610. dans lequel le copolym6re d'ol6fine 
est un polypropylene modif 16 en copolym6rlsant statistiquement de 0,5 k 5.0% d'6thyl6ne dans la chains principale 
Iin6aire. 
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12. Stratifi^ textile en non-tiss6 selon Tune quelconque des revendications 5^7 comprenant en s^uence ia premiere 
couche. la deuxi^me couche et une troisiSme couche de filaments thermoplastiques form^ k partir dun trolsi^me 
potym^re thern(X)plastique, dans lequel les couches sont thernfx)li6es dans des zones disa^es. et dans lequel les 
premier et troisidme polym^res thermoplastiques sont chacun, un terpotym6re d'ol^f ine ayant une cristallinit6 infd- 

5 rieured45%. 

13. Stratifi6 textile en non-tiss6 selon la re/endication 12. dans lequel le terpolymdre d'ol^ine a une cristallinit^ com- 
prise entre 31 et35%. 

10 14. Stratif i6 textile en non-tiss6 selon la revendication 1 2, dans lequel le terpolym^re d'oldfine a une cristallinit6 d'envi- 
ron32%. 

15. Stratif i6 textile en non-tissd selon i'une quelconque des revendications 1 d 14, dans lequel la couche de filaments 
thermoplastiques comprend des filaments f ilfe en nappes continus, et la couche de fibres thermoplastiques disad- 

15 tes comprend des f bres souffl6es au fondu. 

16. VStement k faible Emission de particules comprenant un stratif 16 textile en non-tiss6 selon Tune quelconque des 
revendications prteMentes. 

20 17. Emballage sterile d usage medical comprenant un stratif 16 textile en non-tiss6 selon Tune quelconque des revendi- 
cations 1^15. 

18. Blouse chiairgicale comprenant un stratif 16 textile en non-tiss6 selon Tune quelconque des revendications 1615. 

25 19. vetement pour salle blanche st^rilisable comprenant un stratif 16 textile en non-tiss6 selon Tune quelconque des 
revendications 1 d 15. 
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